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THE CHEMISTRY OF CELL DIVISION 


Ill. INHIBITION OF CELL DIVISION OF AMOEBA PROTEUS BY HIGH 
DILUTIONS OF COPPER SALTS—ANTAGONISM OF COPPER AND 
GLUTATHIONE 


By H. W. Cuaukuey, Physiologist, and Cart Vorctuin, Chief, Division of Phare 
macology, National Institute of Health, United States Public Health Service 


INTRODUCTION 


In the first paper of this series (Voegtlin and Chalkley, 1930) it 
was pointed out that the complicated process of cell division in all 
probability is regulated by chemicals occurring normally in cells in 
relatively low concentrations. Evidence was presented which clearly 


showed that one of these chemicals, glutathione, favors the division 
of Amoeba proteus under survival conditions. The stimulating action 
of low concentrations of glutathione was particularly pronounced on 
the division of the nucleus. We also suggested that the traces of 
heavy metal compounds, which physiologically are widely distributed 
in animal cells, may play a réle in cell division. In recent years 
numerous facts have been discovered indicating that iron and copper 
particularly are concerned in a variety of biochemical and physio- 
logical processes. A systematic study of the action of copper salts 
on cell division, therefore, appeared to be of considerable interest, 
particularly so as the work of Voegtlin, Johnson, and Dyer (1925) 
indicates strongly that the toxic action of low concentrations of copper 
on various living organisms is explicable in terms of its chemical 
affinity for the sulphydryl groups in living cells. Recent work from 
this laboratory (Voegtlin, Johnson, and Rosenthal, 1931) furthermore 
shows that copper in vitro is a powerful catalyst in the oxidation of 
reduced to oxidized glutathione, whereas under the same conditions 
iron salts are inactive. We therefore decided to investigate the 
action of copper salts on the division of Amoeba proteus and also to 
determine whether or not there is any evidence of a biological antag- 
onism of copper and glutathione with respect to cell division and 
toxic action. 
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MATERIAL AND METHODS 


The Amoeba used were from a single clone derived from a strain of 
Amoeba proteus (Schaeffer, 1916) originally secured from the Johns 
Hopkins University by courtesy of Prof. S. O. Mast. They were 
cultured by the method previously employed by Voegtlin and Chalk- 
ley (1930). All solutions were made with doubly glass-distilled 
water, and all glassware was thoroughly cleaned in order to remove 
traces of heavy metals. The cupric chloride was prepared by re- 
crystallization from C.P. materials. We are indebted to Dr. J. M. 
Johnson for the glutathione used in this investigation. This reduced 
glutathione (GSH) was prepared by the cadmium method of purifi- 
cation described by Voegtlin, Johnson, and Rosenthal (1931). It 
analyzed as follows: N 13.67 and 13.70; $10.76 and 10.76. The 
material did not react with the latest modification (1930) of the 
Sullivan reaction for cysteine, and from all information it must be 
considered as being a very pure material, free from all but infinitesi- 
mal traces of copper. 

All solutions were buffered by the addition of small amounts (2 to 
5 cubic centimeters M/20 buffer to the liter of solution) with Clark 
and Lubs phosphate buffer and the pH was checked colorimetrically 
before and after each experiment. All cells were isolated so that the 
occurrence or nonoccurrence of divisions could be accurately ascer- 
tained. The general procedure was as follows: 

Each Amoeba was removed from the culture with a capillary 
pipette, washed thoroughly in standard saline,’ and placed on a 
depression slide in a drop of the same saline. Then, by repeatedly 
drawing it up and ejecting it from a capillary pipette, the cell was 
stimulated until it assumed a spherical shape. Its diameter was 
then measured by means of a compound microscope with eyepiece 
micrometer, using 20X ocular and 16-millimeter apochromat objective 
and the volume was calculated. The cell was then transferred in 
saline to a cover glass in a hanging drop, which was set aside inverted. 
When the Amoeba had attached to the cover glass and was suffi- 
ciently spread out, the cell was placed on the stage of the microscope 
and examined to insure that it was mononucleate. If necessary 
for the experiment the nucleus was measured with the micrometer 
(using a 20X ocular and 4-millimeter apochromat), its three dimen- 
sions were ascertained, and the volume was calculated on the assump- 
tion that it was in general ellipsoidal in shape. Then the Amoeba was 
transferred to a clean 25 cubic centimeter pyrex beaker containing 2 
cubic centimeters of the solution to be used in the contemplated experi- 
ment. Each Amoeba and any cell originating from it was similarly 





! The solution referred to as “‘standard saline’”’ is that used in culture and is made up as follows: 0.1 gram 
NaCl, 0.04 gram KC, 0.06 gram CaCl, distilled HyO to make 1,000 cubic centimeters of solution. 
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examined every 24 hours thereafter until the experiment was com- 
pleted, and at each examination both beaker and solution were 
renewed. The Amoebae, both cultures and experimental organisms, 
were kept in a constant temperature room at 21° C., except during 
the time of handling and examination. 

This procedure was followed throughout except in certain experi- 
ments described later, where the exceptions are noted. 


THE ACTION OF COPPER ON AMOEBA AS CONTRASTED WITH THAT OF SH 
GLUTATHIONE 


(A) COPPER SALTS IN HIGH CONCENTRATIONS 


To ascertain the effect of relatively high concentrations of copper 
salts, two experiments were performed. Three Amoebae were used 
in each experiment, one small (0.0005 to 0.001 cubic millimeter), 
one medium (0.001 to 0.003 cubic millimeter), and one large (0.004 
to 0.008 cubic millimeter) in volume. The procedure as previously 
outlined was departed from in that after washing and measuring the 
cells they were transferred to a drop of the experimental copper salt 
solution placed on a cover glass, instead of to beakers, and a hanging 
drop preparation was made. This was done so that close and 
repeated observations and measurements of the cells could be made 
during the experimental period. 

In the first experiment the three Amoebae were immersed in 
m/1000 CuCl, made up in standard saline buffered to pH 7.0. Then 
they were placed under the microscope and the volume of each was 
ascertained at frequent intervals. The changes in volume found 
were expressed as per cents of the original cell volume and plotted 
against the time from the moment of immersion. The resulting 
curves are presented in Figure 1. It will be seen that immediately 
after immersion the volumes of all the Amoebae increased very rapidly 
to a maximum, which was reached in approximately 10 minutes. 
This increase was followed by a slight decrease in the volumes over a 
period of from 15 to 45 minutes and then succeeded by a relatively 
slow increase in the volumes that continued in each case until 
cytolysis of the cell occurred by rupture of the membrane. 

In the second experiment, NaCu citrate was used instead of CuCl». 
From the curves derived from the measurements on these Amoebae 
(fig. 1) it would seem that the only significant difference between the 
two groups is the lessening of the initial degree of swelling and the 
lengthening of the time to complete cytolysis in the group in the NaCu 
citrate solution. One cell in this group underwent partial cytolysis 
by rupture about 30 minutes after immersion. The rupture healed, 
however, and swelling recommenced, only to be again followed by a 
slight rupture. From this apparently there was only partial recovery, 
since it was followed by a slow decrease in volume which continued 
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until the sudden and complete breakdown of the cell membrane 130 


minutes after immersion. 
From the similarity in the results of these two experiments it 


appears that the action of both salts must be ascribed to the common 
factor, copper. The primary effect of exposure is an increase in the 
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Figure 1.—Graph showing the per cent changes in volume of six Amoebae, three immersed in 3 
m/1,000 solution of CuCl; and three in a m/1,000 solution CuNa citrate. Solid symbols, curves 
for Amoebae in CuCl; open symbols, curves for Amoebae in CuNa citrate. (A) Amoebee 


approximately 0.001 cubic millimeter in volume; (B) Amoebae approximately 0.004 cubic 
millimeter in volume; (C) Amoebae approximately 0.008 cubic millimeter in volume 


volume of the cell, probably (since the effect is rapid) produced 
through osmotic intake of water by reason of changes induced in the 
cell membrane. This idea is supported by the fact that this initial 
swelling is followed by a slight shrinkage, which would seem to be 
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indicative of a reaction tending to partially offset this primary effect. 
This, it seems, could hardly occur if the entire cell content were 
affected. Furthermore, the fact that partial breaks in the membrane 
are followed by immediate and rapid loss of volume, complete repair 
by resumption of swelling and partial repair by slow shrinkage, cer- 
tainly indicates that the membrane condition is responsible for the 
swelling. 

We may conclude, therefore, that the death of Amoeba in this rela- 
tively high concentration of copper salts is essentially due to rupture 
of the membrane under osmotically induced pressure, which becomes 
effective owing to the effect of copper upon the permeability of the 
cell membrane. We next investigated the effect of more dilute solu- 
tions of copper salts. 


(B) THE EFFECT OF COPPER IN HIGH DILUTION 


In these experiments the procedure outlined in the section on Mate- 
rials and Methods was employed. The Amoebae used as controls were 
immersed in standard saline and an equal number were exposed to 
the copper solution, all solutions buffered to pH 7.0. In each experi- 
ment both the cell and nuclear volume of each Amoeba were measured 
at the beginning of the test and at 24-hour intervals thereafter. All 
experiments were run for three days, except as noted later. After 
the experiment had been completed, the Amoebae were grouped in 
respect to cell volume with a class interval of 0.0005 cubic millimeters. 
The percentage change in volume in terms of the original volume was 
calculated for each Amoeba for both cell and nucleus for each time 
interval. The percentages thus obtained were averaged for each 
time interval, yielding the average percentage change in volume for 
cell and nucleus, respectively, for each 24 hours of the period of exper- 
imentation. In addition, the percentage of nuclear division and mor- 
tality relative to the original number of Amoebae was calculated for 
each 24 hours, and in certain tests (as noted below) the number of 
food vacuoles was found per 100,000 cubic micra of living cell sub- 
stance at the beginning and at the end of each 24-hour period. All of 
these values were then plotted as a function of the time in days. 

In the first test 10 cells were exposed to a m/500,000 CuCl, solution 
and 10 were used as controls. The control cells averaged 0.0014 
and the experimental 0.00125 cubic millimeter in volume, with the 
volumes falling in the class interval from 0.001 to 0.0015. Due to 
the high mortality in the copper-treated organisms the experiment 
was terminated at the end of 48 hours. The results are presented in 
Figure 2. Looking first at the curves for the copper-treated cells, 
it is at once obvious from the figure that the solution is strongly toxic. 
All the copper treated Amoebae were dead at the end of 48 hours and, 
as was to be expected, no increase of cell volume, such as might indi- 
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cate growth, was found in the living cells at the end of the first 24 
hours. No data were obtainable for the living nuclei, inasmuch as 
in all surviving Amoebae the cells had assumed a spherical shape and 
the nuclei were so obscured by superimposed granules that no meas- 
urements were possible. All the cells which died in CuCl, solution 
were found. They were all dark and coagulated. In 8 out of the 
10 the cell membrane was only in part persistent; in the other 2 it was 
apparently intact. In the cells exhibiting only partial persistence of 
the membrane there appeared to have occurred a rupture as in 
all cases a protruding irregular mass of coagulated protoplasm was 
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Figure 2.—Graph showing per cent changes in volume of nucleus and cell and per cent mortality 
for Amoebae with original cell volumes from 0.001 to 0.0015 cubie millimeter immersed in 
m/500,000 CuCl: solution as compared with Amoedbae immersed in standard saline. Solid 
symbols, Amoebae in saline; open symbols, Amoebae in CuCl; solution. Dotted line, per cent 
nuclear volume; solid line, per cent cell volume. (Note: No data obtainable on nuclear volume 
in CuCl, see text) 





seen that had every appearance of having been extended from a rup- 
ture in the membrane. The nuclei, where visible, were dark and 
brownish in color and seemed shrunken. It seems probable that in 
most cases the cells had burst, as in the experiment in m/1000 CuCh 
and then coagulation of the cell followed. Turning to the controls 
it will be seen that they show a low death rate and an increase in the 
average volume for both nucleus and cytoplasm. It is striking that 
the increase in nuclear volume persists for 48 hours, while at 24 hours, 
the cell volume reaches a maximum and has, within experimental 
error, resumed its original value at the end of the second day. The 
cells that died were not found, as they normally disintegrate shortly 
after death in this solution. 
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As it was evident that such a high concentration of CuCl, had been 
employed as to prevent measurement of changes in nuclear volume 
by reason of pathological change, we made our next test with a CuCl, 
concentration of m/50,000,000. In this test 40 Amoebae were used, 
20 in the CuCl, solution and 20 in the control saline. The average 
volumes for the groups were 0.0011 for controls and 0.0011 for the 
organisms treated with CuCl,, respectively; all volumes fell in the 
class interval 0.0010 to 0.0015 cubic millimeter. The curves obtained 
are presented in Figure 3. It will be noted that the surviving copper- 
treated Amoebae show, on an average, an increase in cell volume in the 
first 24 hours, followed by a decrease during the subsequent two days. 
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FicurE 3.—Graph showing per cent changes in average volume of cell and nucleus in A moebae 
with original cell volume between 0.001 and 0.0015 cubic millimeter immersed in m/50,000,000 
CuC}; solution and in standard saline (Graph A) and the per cent mortality in the same (Graph 


B). Dotted lines (in A), nuclear volume; solid lines (in A), cell volume, Solid symbols, 
Amoebae in standard saline; open symbols, Amoebae in CuCl; solution 














The average nuclear volume, however, remains practically stationary 
for 24 hours and then decreases. There is again a very high death 
rate, 45 per cent by the end of the 3-day period, indicating that the 
solution is still quite toxic. The dead cells were gelated similarly 
to those in the previous experiment. The curves for the con- 
tols, it will be seen, are similar to those obtained in the preceding 
experiment. 

The course of the curves for the average nuclear volume in this ex- 
periment suggested that copper in still higher dilution might exhibit 
as its principal effect an inhibitory action on nuclear growth (increase 
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in volume), and possibly on cell growth also. Such effect might, if 
Chalkley’s observations (Chalkley, 1931) as to the close correlation 
of cell growth and the nucleo-cytoplasmic ratio with the occurrence of 
division under cultural conditions be considered, result in inhibition of 
either nuclear or cell division, or both, below that to be found in the 
controls. In addition, we knew from the results obtained by Voegtlin 
and Chalkley (1930) that glutathione would increase the percentage 
of division in cells subjected to its influence above that found in the 
controls. It seemed from these two considerations that it was en- 
tirely possible that the effects of copper and glutathione on Amoeba 
might be antagonistic, possibly not only in respect to division but 
also in respect to the changes in volume we were investigating. To 
ascertain if this were true, however, we must have closely comparable 
data for both glutathione and copper. Therefore, in the next experi- 
ment, in addition to subjecting Amaebae to CuCl, (m/500,000,000 to 
further reduce the mortality), we also subjected other Amoebae to the 
action of m/100,000 GSH. 

Six experiments were made with CuCl, and five with SH glutathi- 
one, employing 220 Amoebae. For the convenience of the reader, how- 
ever, the results have been combined, as they were consistent through- 
out when the Amoebae were separated into the several class intervals 
for volume. They were found to be distributed in these intervals, as 
follows: Cells from 0.0010 to 0.0015 cubic millimeter in volume, 30 in 
CuCl, 16 in GSH, 42 in the control; cells from 0.0015 to 0.0020, 14.5 
in CuCl,, 20 in GSH, and 30 in the control; cells from 0.0020 to 0.0025, 
15.5 in CuCl, 14 in GSH, and 38 in the control. 

In addition to the curves obtained as heretofore for cell volume, 
nuclear volume, mortality, and division, curves were plotted for the 
disappearance of food vacuoles in all groups. These last were ob- 
tained as follows: The number of food vacuoles in each cell was re- 
corded at each examination, summed up for each group of cells, and 
divided by the total volume of living protoplasm, in units of 0.0001 
cubic millimeter, giving the average number of food vacuoles per 
0.0001 cubic millimeter of protoplasm found at each examination for 
each group. These values were plotted as usual as a function of the 
time in days. Since there was no food intake during the experiment 
the values so plotted represent roughly the average rate at which the 
food originally in the Amoebae disappeared during the experimental 
period in each group. The error involved can not at this time be 
estimated, owing mainly to the fact that no distinction could be made 
between digested and ejected food. The results, therefore, must be 
considered as tentative, and any conclusion as to digestive process is 
based on the assumption: that the disappearance is due to digestion at 
least in the main, and not teejection of the vacuolar contents, without 
chemical change. 
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It appeared of interest to determine whether the copper-treated 
cells surviving the experimental period had been greatly injured. At 
the completion of one of the tests with copper, therefore, the surviving 
cells both from the control and copper solution were individually 
transferred to separate beakers containing a lavish supply of food or- 
ganisms and the observations and measurements were continued. The 
results of all these experiments are presented in Figures 4 to 9. These 
show, respectively, (1) the curves obtained for the average per cent 
change in volume in cell and nucleus for Amoebae immersed in m/100,- 
000 GSH, in m/500,000,000 CuCl,, and in standard saline for each of 
the three class intervals for average original cell volume, namely, 
0.001 to 0.0015, 0.0015 to 0.002, and 0.002 to 0.0025 cubic millimeter; 
(2) the same curves grouped to bring together all curves obtained in 
m/100,000 GSH, m/500,000,000 CuCl,, and in standard saline, re- 
spectively; (3) the eurves for average percentage of division in each 
of the class intervals in m/100,000 GSH, m/500,000,000 CuCl,, and 
in standard saline, respectively; (4) the curves for average percentage 
mortality similarly grouped; (5) the curves for the disappearance of 
food vacuoles similarly grouped; and (6) the curves obtained for the 
test in which feeding was resumed after the usual 3-day interval of 
starvation. 

From Figure 4 it will be seen that, in general, growth of nucleus is 
most rapid (or in the case of the CuCl, treated cells is least. mhibited) 
in the small, less in the medium, and least in the large cells. Average 
nuclear growth is most rapid in all cell sizes in the GSH solution, less 
rapid in the saline, and least in the CuCl, solution. In the latter, in 
fact, there is practically no growth in the cells averaging 0.0015 to 
0.002 and shrinkage in the cells averaging 0.002 to 0.0025 cubic milli- 
meter in volume. Although not so marked as the variations in nuclear 
growth, the cell growth also shows variation with the original cell 
volume. Except in the small cells where, in the saline controls, the 
cell grows during the first 24 hours, the cell volume decreases with the 
time of starvation in all solutions. Apparently this decrease tends to 
increase as the average original cell volume is increased. Cells im- 
mersed in saline suffer this deerease least throughout the range of cell 
volumes used. No significant difference appears, however, in this re- 
spect as between cells in GSH and CuCl. 

In view of the finding of Chalkley (1931). that, under cultural con- 
ditions, the average rate of growth declines with the age (volume) of 
the cell, it appears that these differences with original cell size should 
be ascribed to internal factors correlated with the age of the cell. 
This influence of age—i. e., cell volume—is still more forcibly brought 
out in Figure 5. Here, if comparison of the curves is made as to the 
three class intervals for original cell volume in each of the three groups 
(GSH, CuCl, and controls) at the maximal growth point for each 





‘ HSD OU] seBueyo ‘sopZues 13 modo ‘yon se8ueyo 
‘sjoquids seqnosjo wado ‘ourTes uy saBavyo ‘sjoquiAs pIlos ‘ournjoas [90 ‘souT| Prlos ‘eumjoa zeefonu ‘seuT| Pero “UONIos ouTTES PrepuLys puL emp > rcharene 


HSD 000‘001/a Uy pesiourmay Uo ‘peywOTPUT SB SOMINIOA [[90 eFBIVAB JO snqzomP JO SOTIN[OA IJvefONU pu [eo Ul seBuByO yuo Jed oy} BuLmoys ydeln—>} Duno17 




















499s] pL %GND GZ00° 91 ZOO Usps sIQNS 200° 0} SI00'° aa aad 7 219ND $100*° 91100" 


"SIUINJOA 1499 SOLUNIOA 1199 QUINOA io) 


March 4, 1932 





March 4, 1932 


APOA!IOOd Sal ‘I9} SUT] [JU IGN CZO0'D OF ZO0'O PU ‘ZOG'O 01 S100°D ‘S100'0 91 1000 JO SOUTNIOA [99 BBBIBAB JO aDqQsOMW PY 431M POUlBIGO aeK CO Pus ‘g “Y peEUZ}sep 
SCAIN,) ‘“OUITSS Plspuyjs pus [95ND 000'000'00S/m ‘HSH 000'OT/Ul Ul pessetIUT avqezomp JO SeUINIOA Ive;ORU puY [PO Ul seBaeYyD gue0 Jod Zulmoys Ydeip—'¢ AuADIZ 





: g 
——, - 


* 








l 


jaajuo5 corooTogs 21979 : DOTOOI-HS-5 














March 4, 1932 546 


group—i. e., on the first day for CuCl, and on the second day for the 
group in GSH and the controls—it will be seen that in all intervals 
the curves fall in order of original cell size, the highest per cent in- 
crease in nuclear volume being attained by the small cells and the 
lowest by the large cells, and that the highest percentage increase or 
least percentage decrease in cell volume is also similarly correlated. 

Turning now to Figure 6 we see first, as found before by Voegtlin 
and Chalkley, the marked effect of GSH in raising the percentage of 
division and also the dependence of division on original cell size. 
As before, we note the apparent marked effect of GSH on nuclear 
division in cells of medium size—0.0015 to 0.002 cubic millimeter. 
In this particular series, however, it must be noted that this effect 
attains what is probably an abnormal emphasis, due to the fact that, 
in one experiment, cells from an exceptionally vigorous culture were 
used and no less than 90 per cent divided in GSH solution in the first 
24 hours. This exceptional result influences mainly the curve for the 
medium-sized cells, and the irregularity so produced introduces some 
error due to the relatively small number of cells (as compared with 
the numbers used in Voegtlin and Chalkley’s previous experiments). 
It is believed, however, that this apparent effect is real. Its explana- 
tion will be dealt with later. 

CuCl, it is at once seen, markedly decreases the percentage of 
division. From the fact that only cells of large size divided, it is 
surmised that (as with GSH) the original cell size is the main con- 
trolling factor. In the controls, which, it will be noted, were twice 
as numerous as either experimental group, the dependence of division 
on cell size is also clearly brought out. 

Figure 7 shows the percentage mortality in the three groups for each 
class interval of original cell volume. There is no significant differ- 
ence between the control, CuCl, and GSH groups, except that it will 
be seen that the large cells in CuCl, show a markedly higher mortality 
as compared to any others. It is interesting to recall that the largest 
cells exposed to high concentrations of CuCl, or CuNa citrate (see 
fig. 1) were the first killed. 

From Figure 8 it will be seen that the rate of the disappearance of 
food vacuoles is apparently influenced by both CuCl, and GSH, the 
first apparently exerting a retarding and the second an accelerating 
influence. While recognizing the fact that such disappearance might 
be due to mere ejection of undigested food, we do not believe this to be 
the method of disposal, but rather incline to view these curves 48 
indicative of the effects of the reagents upon the digestive processes of 
the cell. This interpretation is consistent when its apparent relation 
to average cell size is compared with the same relation for cell growth. 
Thus it is apparent in the curves obtained from Amoebae in CuCl, that 
digestion—i. e., disappearance of food vacuoles—is quickest in the 
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/100,000 GSH, m/500,000,000 CuCl, and standard ‘saline solutions. Curves desi 
nated A, B, and C were obtained with Amoebae of average cell volumes of 0.001 to 0.0015, 0.0015 to 0.002, and 0.002 to 0.0025 cubic millimeter, respectively 


FIGURE 7.—Graph showing curves for per cent mortality in Amoebae immersed in m 


small cells and slowest in the 
largest. Likewise, as has al- 
ready been pointed out, resist- 
ance to the depressing effect of 
copper is greatest in the small- 
est and least in the largest 
cells—a perfectly consistent 
result if the resistance is con- 
sidered to be dependent on 
the energy released by normal 
metabolic changes resulting 
from assimilation of food. 

Summing up these results we 
find in the controls that, as a 
result of withdrawal of external 
food supply (survival condi- 
tions), cell growth is inhibited 
first, thennucleargrowth. This 
effect is dependent on original 
cell size, the cells of least volume 
(youngest) being the least affect- 
ed. Treatment of Amoebae with 
GSH enhances the growth of the 
nucleus apparently at the ex- 
pense of the extra nuclear con- 
tentofthecell. Treatment with 
CuCl, depresses all growth and 
apparently most markedly that 
of the nucleus. Italsoincreases 
the rate of mortality of large 
cells, inhibits division, and 
probably decreases the rate at 
which food contained in food 
vacuoles is assimilated. Treat- 
ment with GSH has a contrary 
effect on growth and food 
assimilation. As to division, 
GSH increases the percentage 
of division in a given group of 
cells, exerting its major effect 
on those of medium size. All 
these effects are also functions 
of original cell size. 
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We shall now consider the results of resumption of feeding after a 
period of starvation upon cells in saline and also upon cells treated 
with CuCl,, as shown in Figure 9. It will be seen at once that the 
effect produced by the CuCl, is, to some extent at least, reversible. 
Cell volume, nuclear volume, and percentage of division all rise after 
feeding is resumed. However, it is to be noted that the rise in these 
activities is not as great as that which manifests itself in the controls 
upon resumption of feeding. Certain other differences are also mani- 
fest as between the CuCl.-treated and the control organisms. The 
most marked immediate influence upon the controls is that exerted on 
the cell volume, while in the CuCl, cells the nucleus responds most 
rapidly, there being a distinct lag in the resumption of cell growth 
covering one day. Furthermore, it will be seen that in both groups 
division percentages are closely related to nuclear growth, but with a 
slight difference. In the controls and also in the CuCl, cells division 
occurs only on those days in which the mean nuclear volume increased, 
but in the CuCl, cells also only on those days after it exceeded its 
original volume—i. e., in the CuCl, group on the third day the mean 
nuclear volume increased—but there were no divisions until after it 
reached its original volume on the fourth. It is noticeable that there 
is for both the control and Cu-treated cells a distinct tendency toward 
the reestablishment of the original nucleo-cytoplasmic ratio as the 
result of this reestablishment of the old environmental conditions. 


ANTAGONISM BETWEEN COPPER AND SH GLUTATHIONE 


The preceding experiments clearly show the contrary action of 
GSH and CuCl, on Amoeba. It therefore seemed of interest to ascer- 
tain whether the action of CuCl, could be reversed by GSH. 

In planning experiments to this end, certain modifications of the 
previous procedure were introduced. It was impracticable to use very 
low concentrations of CuCl, for long periods, as had hitherto been 
done. The effects of starvation during these extended periods would 
not be overcome by treatment with GSH ? and would eclipse any 
action of GSH. After several preliminary tests, the following pro- 
cedure was adopted: 

Amoebae were exposed to relatively high concentrations of CuCl, for 
a short period until observation revealed a marked action of the salt, 
as indicated by rounding up of the cells and cessation of locomotion. 
Then a number of the cells thus treated were washed in standard 
saline, measured, and isolated into beakers. One-half of the number 
were placed in standard saline and one-half in a GSH solution equal 
in concentration to the CuCl, solution used. Two experiments were 
performed, one to test the effect of subsequent treatment with GSH 
on the toxic action of CuCl, and one to test its effect on division. 





* The experiments of Voegtlin and Chalkley indicate that GSH. is of negligible value as food. 





March 4, 1932 





wae Fo0a added. 





roe 
Sox 


ee a ee ee ee ee 





SSSaSLSSNSSSSaSESSIS 


After feeding % 
Ss 





a aS eS ee ee ee ee 


os 








Before feeding 
= Fo 


MS 
WY 





0 Z J L 
Days e 3 
Ficure 9.—Graph showing changes in per cent of cell and nuclear volumes, per 
cent of division and per cent mortality in Amoebae immersed under survival 
conditions for a period of three days in m/100,000,000 CuCh solution and standard 
saline, respectively, and then all transferred to standard saline with food. A, 
volume changes; dotted line; nucleus; solid line, cell; solid symbols, CuCl:; open 
symbols, saline; shaded column, saline; open column, CuCk. B, division; 
dotted line, saline; solid line CuCl, 
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In the experiment on the effect of GSH on the toxic action of 
CuCl, three tests were made. In each test 40 Amoebae were used; 
These were all exposed to CuCl, solution m/25,000 for two hours, 
then, after washing, 20 were put into m/25,000 GSH and 20 into saline 
and all were left for 24 hours in these solutions. The results obtained 
are presented in Table 1. 


TaBLE 1.—The reversal of the toxic action of copper by SH glutathione 


(All Amoebae treated with m/25,000 CuC), for 2 hours, then transferred one-half to standard saline, one-half 
to GSH m/25,000 and left for 24 hours) 
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It is obvious that subsequent treatment of copper-poisoned 
Amoebae with GSH will prevent death and, if division is taken as an 
indication of normality, tend to the restoration of normal conditions. 

In the experiment in regard to division, 40 Amoebae were used and 
two tests were made, 20 Amoebae being used ineach. The procedure 
was as before, but the concentration of CuCl, and GSH was reduced 
to m/50,000 and measurements of the volumes of cell and nucleus 
were made as usual. In each test a control of 10 untreated Amoebae 
were put in standard saline alone and measured so as to provide 4 
normal set of measurements of volume, per cent division, etc., for 
comparison. The results are presented in Figure 10. 

From the figure it will be seen that the cells treated with CuCl, and 
transferred to saline exhibit decrease in volume of both cell and 
nucleus, high mortality, and no division. The controls give a set of 
curves similar to those previously obtained. The curves for the 
CuCl,-treated cells that were transferred to GSH solution lie in an 
intermediate position. Attention is particularly directed to the 
curve showing the change in nuclear volume. It will be seen that 
the course of the curve indicates a growth that almost equals that 
for the controls in saline on the second day. The corresponding 
curve for CuCl,-treated cells transferred to saline, however, at 20 
time shows any indication of increase in volume. This again illus- 
trates the stimulating effect of GSH upon the increase in volume of 
the nucleus in Amoebae. 
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DISCUSSION OF PRINCIPAL RESULTS 


In this investigation new experimental facts have been discovered 
by the application of statistical methods. As in our previous work, 
definite conclusions are justifiable only if the behavior of a sufficiently 
large number of cells is considered, for the response of individual 
cells to a given set of conditions varies considerably. We also want 
to qualify at the outset the assumption that an increase in nuclear 
volume or total cell volume indicates normal growth under our ex- 
perimental conditions. This we believe to be true for cells exposed to 
saline or dilute glutathione solutions not longer than two to three days, 
for the reason that during this time nuclear and cytoplasmic divisions 
occur, a fact which certainly shows that these cells are not under 
pathological conditions. However, this does not infer that the con- 
ditions are perfect, as about 10 to 15 per cent of the cells died during 
the course of the experiments, whether exposed to saline or glutathione’ 

The first outstanding fact is the growth of the nucleus under survival 
conditions in cells immersed in saline and the increased rate of nuclear 
grouth in cells exposed to glutathione. (Fig. 5.) Under both condi- 
tions the rate of nuclear growth is greatest in the small cells, less in 
the medium-sized cells, and least in the largest cells, thus indicating 
that the rate of nuclear growth of the average cell decreases with age. 
With the exception of the smallest cells in the controls (Group A, 
fig. 5) the nuclear growth is accompanied in all experiments by a 
decrease in total cell volume.‘ This decrease in cell volume (essenti- 
ally of cytoplasm) over the whole period of the experiments is least 
pronounced in small cells and is more marked in the larger cells. 
This fact suggests that the nucleus grows at the expense of the cyto- 
plasm—the immediate environment of the nucleus—just as the cell as 
a whole depends for its growth on the external environment. 

The greater tendency of the smallest cells to increase in volume, both 
of nucleus and cytoplasm, conforms to the results of Chalkley (1931), 
which show that under normal cultural conditions the growth rate of 
Amoebae is most rapid in the young (small) cell and progressively 
decreases with age (increasing volume). 

The general effect of exposure of Amoebae to very high dilutions of 
CuCl, (m/500,000,000) is a gradual decrease in both cell and nuclear 
volume. However, it appears (fig. 5) that nuclear growth proceeds 





* The mortality in very dilute copper solution (m/500,000,000) was practically the same as in the other two 
solutions, with exception that the largest cells (Group C) showed an increase over the controls. 

‘The increase in cell volume on the first day in the cells of 0.001 to 0.0015 cubic millimeter volume does not 
appear attributable to a pathological effect consequent on transfer to saline from the culture, since the volume 
changes in sueh cells that were found dead on the third day show, on an average, an increase in volume the 
first day not materially different (12 per cent) from the average for all cells, but on the second their average 
volume drops sharply (23 to 77 per cent). This would surely indicate that decrease rather than increase 
of ceil volume is associated with any pathological change that occurred. A further argument against the 
mterpretation that this increase in gil volume in the small cells is due to pathological change is the fact that 


eeaiiene evoked from this class of ceils the greatest per cent increase over controls in nuclear growth and 
ivision, 
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during the first day in cells of the smallest original cell volume. Ina 
broad sense copper inhibits nuclear growth, whereas glutathione increases 
it. Furthermore, the inhibiting effect of copper on nuclear growth is 
overcome to some extent by glutathione. (Fig. 10.) There is, 
therefore, at least an indication of a partial antagonism of the two 
substances with regard to nuclear growth, in conformity with the 
clear-cut antagonism of glutathione on the toxic action of copper. 
Whether this antagonism is explained by the chemical affinity of 
copper for glutathione and other physiological SH compounds as is 
likely or whether other factors also enter into this problem can not 
be decided on the basis of the present evidence. 

Having described the action of copper and glutathione on nuclear 
growth, it is desirable to discuss these data in relation to cell division as 
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Ficure 10.—Graph showing per cent change in average volume of cell and nucleus in Amoebae of 
average original cell volume of 0.0023 when immersed under survival conditions in standard saline, 
when immersed one and one-half hours under similar conditions in m/50,000 CuC]: solution, and 
transferred to (1) saline, (2) m/50,000 GSH solution; also the per cent division and per cent mor- 
tality for these three groups. Solid symbols, Amoebae in saline throughout; open circles, copper- 
treated Amoebae transferred to saline; open triangles, copper-treated Amoebee transferred to gluta- 
thione, In the graph for volume‘changes the dotted lines are curves for nuclear and the solid lines 
curves for cell volume changes 




















affected by glutathione or copper. Considering the data on nuclear 
growth (fig. 5) and those on cell division (fig. 6), it is obvious that 
taking the three classes of cells, irrespective of size—those in gluta- 
thione, those in copper solution, and the saline controls—the group 
showing the greatest rate of nuclear growth also shows the greatest 
per cent of division. 

This at once suggests that nuclear division is a function of nuclear 
growth. However, it is evident that the nuclear growth rate is not 
the only controlling factor, for in all three solutions the smallest cells 
grow most rapidly and divide least. Voegtlin and Chalkley (1930) 
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showed that per cent division, under the conditions obtaining in 
these experiments, is a function of original cell volume. Chalkley 
(1931) found that nuclear volume is related to cell volume. It is 
desirable, therefore, to correlate original nuclear volume and per cent 
division for the cells in glutathione, saline, and copper solutions, 
Figure 11 (unbroken curves) definitely shows that the per cent divi- 
sion in all three solutions is a function of the original nuclear volume 
of the cells. 

Glutathione, as we have just shown, stimulates the rate of growth 
of the nucleus, and the per cent of division is a function of the nuclear 
volume. The conclusion seems obvious that glutathione stimulates 
cells to division by stimulating nuclear growth and apparently by 
facilitating the transfer of material from cytoplasm to nucleus. It is 
quite evident, however, that this stimulation of nuclear growth by 
glutathione is only one factor in division, since it could result only in 
an increase in the rate of nuclear growth, and rate is not directly 
correlated with division. We therefore reconsidered the available 
data to determine if some of the other factors controlling division 
could not be ascertained. 

Chalkley (1931) pointed out that nuclear division under cultural 
conditions normally occurs within a definite range of cell volume 
(0.0018 to 0.003 cubic millimeter, approximately), the average cell 
volume at which nuclear division occurs being 0.00275 cubic milli- 
meter, approximately. 

From his curve for the nucleo-cytoplasmic ratio it is possible to 
calculate the nuclear volume for a cell with a volume of 0.00275 cubic 
millimeter. This is 0.0000203 cubic millimeter nuclear volume, or 
the optimum nuclear volume for division. Since Chalkley has shown 
that cell division is less likely to occur if a cell volume of 0.00275 cubic 
millimeter is exceeded, it is probable that if the corresponding nuclear 
volume (0.00002 cubic millimeter) is exceeded, nuclear division is 
also less likely to occur. 

We therefore applied these considerations holding true for cultural 
conditions to the data obtained in the present investigation under 
survival conditions. We assume then that 0.00002 cubic millimeter 
is the optimum nuclear volume for nuclear division. Inasmuch as 
the nuclear volumes of divided cells at the exact time of division was 
not observed, these volumes were approximated by taking for each 
cell the mean between the nuclear volume at the observation pre- 
ceding division and the sum of the nuclear volumes of the daughter 
cells at the first observation (less than 24 hours) after division. The 
averages of these means were for the 27 cells that divided in saline 
0.0000205 and for the 25 in glutathione 0.0000181. For the two 
divided cells in the copper solution it was 0.0000196. The difference 
in these values is not statistically significant. Now, as set forth 
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Ficure 11.—Graph showing the relation between (A) the percentage of nuclear division on the first 
day and the average original nuclear volume (unbroken lines); (B) the percentage of Amoebae 
that attained a nuclear volume equal to or in excess of 25.7 arbitrary units=@.00002 cabic milli- 
meter on the first day and the average original nuclear volume (broken lines). Open triangles, 
Amoebae in m;100,000 GSH; solid symbols, Amoebae in saline; open circles, Amoebae in m/500,000,- 
000 CuCh. (Nore.—The number of Amoebae observed was as follows: Nuclear volume 10 to 14; 
saline 21; GSH 6; CuCh 12. Nuclear volume 14 to 18; saline 28; GSH 15.5; CuCh 16. Nuclear 
volume 18 to 22; saline 25; GSH 16.5; CuCl; 13.5. Nuclear volume 22 to 26; saline 36; GSH 12; 


CuCl, 18.5) 
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above, this value of 0.00002 was considered to be the nuclear volume 
at which the probability of nuclear division is maximal. If this is 
true, two further relations should hold: First, the distribution of the 
volumes of the nuclei that divided should be distributed closely 
about this value, and, second, the percentage of division that occurred 
on the first day, as cells of larger and larger original nuclear volume 
were employed in these experiments, should be (whether the solution 
employed was GSH, Cu, or control) closely related to the percentage 
of the cells in each class that on that day grew to a nuclear volume 
exceeding 0.0002 cubic millimeter. However, such a correlation 
should not hold beyond a point where a large majority of the cells 
exceeded this value, for the nuciei of a fair proportion of such cells 
would necessarily considerably exceed the optimum nuclear volume 
and be therefore less likely to divide. The test lay in (a) plotting 
the distribution of the divided cells according to their nuclear volume 
at division, (6) plotting the percentage distribution of the cells of 
different nuclear volumes that exceeded the volume of 0.00002 cubic 
millimeter, and comparing this with the curve similarly obtained for 
the percentage of division in the same cells. The resulting curves 
are given in Figure 12 and in the curves shown in broken line in 
Figure 11. It is plain that the prediction holds. 

If we now consider the action of glutathione and copper upon 
division in Amoeba under survival conditions we must give due weight 
to the following factors: (1) The influence of the age of any cell as 
expressed in rate of nuclear growth, and (2) the apparently definite 
average optimum nuclear volume at which nuclear division is most 
probable. These two factors, it appears, are intrinsic characteristics 
of all Amoebae and therefore determining factors in the action of 
glutathione and copper upon Amoeba. Realizing this, we can con- 
clude as follows: Glutathione stimulates nuclear division by stimu- 
lating nuclear growth. It does this probably by facilitating transfer 
of cytoplasmic material to the nucleus. This transfer of material 
for nuclear growth is not produced de novo by glutathione, as it 
apparently also takes place, though to a lesser extent, in cells not 
exposed to glutathione. There is no indication at present that 
glutathione can evoke nuclear division at a smaller mean nuclear 
volume than the optimum nuclear volume at which controls divide— 
1. e., glutathione does not stimulate division of “immature” cells. 
Copper, in infinitesimal amounts, depresses nuclear growth and 
division. Here, again, the maturity of the cell appears as condition- 
ing the degree of depression, and the mean nuclear volume at division 
is probably the same as in the controls. The depressing effect of 
copper in certain concentrations on nuclear growth is to some extent 
antagonized by subsequent exposure to glutathione. 
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It might be noted that these effects, concerned as they evidently 
are with rates of growth, suggest that the effect of both glutathione 
and copper may possibly be linked with the action of intracellular 
enzymes. The recent work of Waldschmidt-Leitz and Grassmann 
and his collaborators on the effect of glutathione and copper on pro- 
teolytic enzymes of the cathepsin type appears very suggestive in 
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Fiaure 12.—Graph showing the distribution as to volume of nucleus at division in the cells that 
divided in saline, m/100,000 GSH, and m/500,000,000 CuCl:. Open triangles, cells in glutathione; 
solid circles, cells in saline; open circles, cells in CuCly. The full vertical line shows the optimum 
nuclear volume for division and coincides with the mean volume at division for the nuclei of 
the cells in saline. The short vertical line indicates the mean nuclear volume for the cells in 
glutathione. Twenty-five cells divided in the glutathione and twenty-seven in the saline so- 
lution; only two in the CuCh solution. The points for the CuCh cells indicate the actual 
nuclear volumes of these two cells at division 


this respect. They found that SH glutathione activates cathepsin 
and copper inhibits this enzyme. It is interesting that the molar 
concentrations of glutathione for activation are far higher than the 
molar copper concentrations, which are necessary for inhibition of 
proteolysis. A similar quantitative difference between effective con- 
centrations of glutathione and copper exists with respect to the 
action of these two substances on nuclear growth and division in 
Amoeba. 
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As a more general conclusion it may be stated that the work 
with glutathione and copper has demonstrated the possibility of 
controlling cell division by chemical means. It is important to con- 
tinue the search for other active chemical agents which influence cell 
division in very high dilution. 


SUMMARY 


1. In Amoebae deprived of food (under survival conditions) and 
immersed in saline, the nucleus, on an average, continues to increase 
in volume for approximately 48 hours. The cell, except in small 
cells 0.001 to 0.0015 cubic’ millimeter in volume, steadily decreases 
in volume from the time of immersion. In the cells from 0.001 to 
(0.0015 cubic millimeter the cell grows in volume for 24 hours and then 
decreases in volume. The increase in nuclear and decrease in cell 
volumes are inverse and direct functions, respectively, of the cell 
volume at the time of immersion. The per cent nuclear division in 
a given group of such Amoebae is a direct function of the original cell 
or nuclear volume, over the range of volumes used (0.001 to 0.0025 
cubic millimeter for the cell and 0.000008 to 0.00002 cubic millimeter 
for the nucleus). 

2. If a solution of m/100,000 glutathione in saline is used instead 
of simple saline the per cent rate of increase in volume of the nucleus 
is increased over that in saline. The rate of decrease in cell volume 
is also greater, likewise the percent of division occurring, and appar- 
ently the rate of digestion of material in food vacuoles. 

3. If a solution of m/500,000,000 copper in saline is used instead of 
simple saline, the increase in volume of the nucleus is replaced by a 
decrease in volume. The rate of decrease in cell volume is increased 
in respect to Amoebae in saline. The rate of digestion is apparently 
decreased, 

4. All effects of glutathione or copper are functions of original 
average cell or nuclear volume at immersion. 

5. In all solutions the average nuclear volume at division is (within 
the limit of error) the same and is approximately 0.00002 cubic 
millimeter. 

6. In all solutions the percentage of division in a given group dur- 
ing the first 24 hours varies directly as the percentage (of that group) 
in which the nuclei attain a volume of 0.00002 cubic millimeter during 
that period, except for groups having an original nuclear volume of 
9.000016 cubic millimeter or over. 

[t is concluded that the increase of per cent division in Amoebae by 
glutathione and probably its inhibition by copper results from the 
effect of the reagents upon the nuclear volume. 
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SUMMARY OF CERTAIN NOTIFIABLE DISEASES IN THE 
UNITED STATES, 1930' 


There is presented herewith a summary of the reported prevalence 
of certain of the important communicable diseases in the United 
States during the calendar year 1930. The rates have been computed 
from data furnished by the health officers of the several States, the 
District of Columbia, and insular possessions. Morbidity and mor- 
tality data for the year were received from all States (including the 
District of Columbia), except that mortality figures were not received 
from Colorado. 

The populations used in computing case and death rates were 
estimated as of July 1, 1930, based on the 1920 and 1930 census 
figures. . 

The estimated expectancy given for some of the diseases represents 
an attempt to ascertain from the experience of recent years how many 
cases of the disease under consideration might be expected in 1930. 

In comparing the figures for 1930 with the estimated expectancy, 
or with the figures for preceding years, it should be borne in mind 
that there has been a gradual improvement in the reporting of com- 
municable diseases during the last few years. An increase in the 
number of cases reported may be due to better reporting of the 
particular disease rather than to an increase in the number of cases 
occurring. 





1 It has been found impossible to publish the detailed information by disease and States at the present 
time. This information has been compiled and prepared for the printer, however, and it is hoped that 
it will be possible to publish it at some future date. It is expected to issue it as a supplement to the PuBLIC 
HEALTH REPORTS, as similar tabulations have been issued annually since 1912. 
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SUMMARY 


CHICKEN POX 
48 States: * 
Cases reported, 1930 (population, 123,191,519) 
Estimated expectancy, based on years 1923-1929 
Cases per 1,000 inhabitants, 1930 
Cases per 1,000 inhabitants, estimated expectancy 
46 States: ! 
Cases reported, 1930 (population, 120,138,216) 
Cases per 1,000 inhabitants, 1930 
Deaths registered, 1930 
Deaths per 1,000 inhabitants, 1930 
Cases reported for each death registered, 1930 


DIPHTHERIA 
48 States: ! 
Cases reported, 1930 (population, 123,191,519) 
Estimated expectancy, based on years 1923-1929 
Cases per 1,000 inhabitants, 1930 
Cases per 1,000 inhabitants, estimated expectancy 
47 States: ! 
Cases reported, 1930 (population, 122,153,383) 
Cases per 1,000 inhabitants, 1930 
Deaths registered, 1930 
Deaths per 1,000 inhabitants, 1930 
Cases reported for each death registered, 1930 


GONORRHEA 
41 States: ! 
Cases reported, 1930 (population, 115,811,882) 
Cases per 1,000 inhabitants, 1930 


INFLUENZA 
31 States: ! 
Cases reported, 1930 (population, 67,136,455) 
Cases per 1,000 inhabitants, 1930 
47 States: ! 
Deaths registered, 1930 (population, 122,153,383) 
Deaths per 1,000 inhabitants, 1930 
30 States: ! 
Cases reported, 1930 (population, 66,098,319) 
Cases per 1,000 inhabitants, 1930 
Deaths registered, 1930 
Deaths per 1,000 inhabitants, 1930 
Cases reported for each death registered, 1930 


LETHARGIC ENCEPHALITIS 
43 States.! 
Deaths registered, 1930 (population 120,912,050) 
Deaths per 1,000 inhabitants, 1930 


1 The District of Columbia is also included. 
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MALARIA 
32 States: 
Cases reporfed, 1930 (population 97,323,832) 
Cases per 1,000 inhabitants, 1930 
36 States: 
Deatlis registered, 1930 (population 115,455,724) 
Deaths per 1,000 inhabitants, 1930 
31 States: 
Cases reported, 1930 (population 96,285,696) 
Cases, per 1,000 inhabitants, 1930 
Deaths registered, 1930 
Deaths per 1,000 inhabitants, 1930 
Cases reported for each death registered, 1930 


MEASLES 
48 States:! 
Cases reported, 1930 (population 123,191,519) 419, 465 
Estimated expectancy, based on years 1923-1929 381, 012 
Cases per 1,000 inhabitants, 1930 
Cases per 1,000 inhabitants, estimated expectancy 
47 States:! 
Cases reported, 1930 (population 122,153,383) 
Cases per 1,000 inhabitants, 1930 
Deaths registered, 1930 
Deaths per 1,000 inhabitants, 1930 
Cases reported for each death registered, 1930 


MENINGOCOCCUS MENINGITIS 

44 States:! 

Cases reported, 1930 (population 120,387,037) 

Estimated expectancy, based on years 1923-1929 

Cases per 1,000 inhabitants, 1930 

Cases per 1,000 inhabitants, estimated expectancy 
47 States:! 

Deaths registered, 1930 (population 122,153,383) 

Deaths per 1,000 inhabitants, 1930 
43 States:! 

Cases reported, 1930 (population 119,348, 901) 

Cases per 1,000 inhabitants, 1930 

Deaths registered, 1930 

Deaths per 1,000 inhabitants, 1930 

Cases reported for each death registered, 1930 


MUMPS 
43 States:? 
Cases reported, 1930 (population 108,726,790) 
Estimated expectancy, based on years 1923-1929 
Cases per 1,000 inhabitants, 1930 
Cases per 1,000 inhabitants, estimated expectancy 
43 States: ? 
Deaths registered, 1930 (population 112,304,683) 
Deaths per 1,000 inhabitants, 1930 





1 The District of Columbia is also includad. * Not the same groups of States for cases and deaths. 
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41 States: 
Cases reported, 1930 (population 105,673,487) 
Cases per 1,000 inhabitants, 1930 
Deaths registered, 1930 
Deaths per 1,000 inhabitants, 1930 
Cases reported for each death registered, 1930 


PELLAGRA 
17 States:? 
Cases reported, 1930 (population 48,261,552) 
Cases per 1,000 inhabitants, 1930 
41 States:! 
Deaths registered, 1930 (population 120,004,052) 
Deaths per 1,000 inhabitants, 1930 


PNEUMONIA (ALL FORMS) 
46 States: ! 
Deaths registered, 1930 (population 117,894,080) 
Deaths per 1,000 inhabitants, 1930 


POLIOMYELITIS (INFANTILE PARALYSIS) 

45 States: ! 

Cases reported, 1930 (population 116,182,887) 

Estimated expectancy, based on years 1923-1929 

Cases per 1,000 inhabitants, 1930 

Cases per 1,000 inhabitants, estimated expectancy 
47 States: ! 

Deaths registered, 1930 (population 122,153, 383) 

Deaths per 1,000 inhabitants, 1930 
44 States: ! 

Cases reported, 1930 (population 115,144,751) 

Cases per 1,000 inhabitants, 1930 

Deaths registered, 1930 

Deaths per 1,000 inhabitants, 1930 

Cases reported for each death registered, 1930 


SCARLET FEVER 
48 States:! 
Cases reported, 1930 (population 123,191,519) 
Estimated expectancy, based on years 1923-1929 
Cases per 1,000 inhabitants, 1930 
Cases per 1,000 inhabitants, estimated expectancy 
47 States: ! 
Cases reported, 1930 (population 122,153,383) 
Cases per 1,000 inhabitants, 1930 
Deaths registered, 1930 
Deaths per 1,000 inhabitants, 1930 
Cases reported for each death registered, 1930 


SEPTIC SORE THROAT 
28 States: 
Cases reported, 1930 (population 68,824,667) 
Cases per 1,000 inhabitants, 1930 
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’ The District of Columbia is also included. 
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39 States: ! 
Deaths registered, 1930 (population 101,260,067) 
Deaths per 1,000 inhabitants, 1930 


SMALLPOX 

48 States: ! 

Cases reported, 1930 (population 123,191,519) 

Estimated expectancy, based on years 1923-1929 

Cases per 1,000 inhabitants, 1930 

Cases per 1,000 inhabitants, estimated expectancy 
47 States: ! 

Cases reported, 1930 (population 122,153,383) 

Cases per 1,000 inhabitants, 1930 

Deaths registered, 1930 

Deaths per 1,000 inhabitants, 1930 

Cases reported for each death registered, 1930 


SYPHILIS 
41 States: ! ‘ 
Cases reported, 1930 (population 115,811,882) 


Cases per 1,000 inhabitants, 1930 


TUBERCULOSIS (ALL FORMS) 
46 States: ! 
Deaths registered, 1930 (population 121,715,337) 
Deaths per 1,000 inhabitants, 1930 


TUBERCULOSIS (RESPIRATORY SYSTEM) 
42 States: ! 
Deaths registered, 1930 (population 114,460,377) 
Deaths per 1,000 inhabitants, 1930 


TYPHOID FEVER 

48 States: ! ‘ 

Cases reported, 1930 (population 123,191,519) 

Estimated expectancy, based on years 1923-1929 

Cases per 1,000 inhabitants, 1930 

Cases per 1,000 inhabitants, estimated expectancy 
47 States: ! 

Cases reported, 1930 (population 122,153,383) 

Cases per 1,000 inhabitants, 1930 

Deaths registered, 1930 

Deaths per 1,000 inhabitants, 1930 

Cases reported for each death registered, 1930 


WHOOPING COUGH 

48 States: ! 

Cases reported, 1930 (population 123,191,519) 

Estimated expectancy, based on years 1923-1929 

Cases per 1,000 inhabitants, 1930 

Cases per 1,000 inhabitants, estimated expectancy 
47 States: ! 

Cases reported, 1930 (population 122,153,383) 

Cases per 1,000 inhabitants, 1930 

Deaths registered, 1930 

Deaths per 1,000 inhabitants, 1930 

Cases reported for each death registered, 1930 





1 The District of Columbia is also included. 
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COURT DECISION RELATING TO PUBLIC HEALTH 


Revocation by board of health of milk permit—(New York Supreme 
Court, Appellate Division; Henry Morris, Inc., v. Department of 
Health of City of New York et al., 254 N. Y. S. 90; decided Dec. 
18, 1931.) A mandamus proceeding was brought to require the 
department of health and the board of health of New York City to 
rescind the revocation of the petitioner’s permit to conduct a wholesale 
and retail milk business and to reinstate the permit. One of the de- 
fenses was that a certain named person, who was alleged to bear a 
bad reputation in the milk business, had been found to be in charge 
of petitioner’s milk depot after the petitioner had been notified that 
such person’s active connection with it must cease. The court held 
that this defense was sufficient in law ‘“‘for, if proved, the action of 
respondents could not be held to be arbitrary, tyrannical, or unrea- 
sonable.” 

Another defense was that, after petitioner’s milk permit had been 
revoked, it had reapplied for a permit; that such permit was issued, 
as the person to whom objection was made had ceased to be connected 
with the petitioner; and that petitioner held such permit ‘until it 
transferred its business to a successor or affiliated corporation to 
which the permit was issued. This defense was also held to be suffi- 
cient in law, the court saying: 

No order of peremptory mandamus can issue to require respondents to do 
what they have already done, viz, issue a permit to petitioner. That these 
averments set forth facts which have arisen since defendants denied petitioner’s 
earlier application for a permit will not prevent their consideration upon the trial. 
Consequently, their inclusion in the return was proper. There is no rule requiring 
that the only facts in a return upon which a defense can be based must have oc- 
curred at or before the time when the officer or board, whose decision is sought 
to be reviewed, acted. * * * 


DEATHS DURING WEEK ENDED FEBRUARY 13, 1932 


Summary of information received by telegraph from industrial insurance companies 
for the week ended February 13, 1932, and corresponding week of 1931. (From 
the Weekly Health Index, issued by the Bureau of the Census, Department of 


Commerce) 
mre Comes 
eb. 13, 1 week, 1 


Policies in force 74, 068, 315 75, 151, 201 
Number of death claims 11, 487 15, 397 
Death claims per 1,000 policies in force, annual rate 8.1 10. 7 
Death claims per 1,000 policies, first 6 weeks of year- 

annual rate . il.1 
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Deaths ' from all causes in certain large cities of the United States during the week 
ended February 13, 1932, infant moriality, annual death rate, and comparison 
with corresponding week of 1931. (From the Weekly Health Index, issued by 
the Bureau of the Census, Department of Commerce) 


[The rates furnished in this summary are based upon mid-year population estimates derived from the 
1930 census} 
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See footnotes at end of table. 
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Deaths ' from all causes in certain large cities of the United States during the week 
ended February 18, 1932, infant mortality, annual death rate, and comparison 
with corresponding week of 1931—Continued 
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' Deaths of nonresidents are included. Stillbirths are excluded. 
wane —, represent annual rates per 1,000 population, as estimated for 1932 and 1931 by the arith- 
tical met ls 
. “< — ~r 1 year of age per 1,000 estimated live births. Cities left blank are not in the registration 
or . 
‘ Data for 78 cities. 
Dea 





, the of colored tion in 1930 were 
; Dales 17; Fort Worth, ie: ouston, 27; Indian- 
5; Memphis, 38; Miami, 23; Nashville, 28, 


, 29; ond, 29; T’ » Sa . 
’ Population Apr. 1, 1990; decane’ 1930 to 1990, no estimate made. 
101438°—32——_-3 





PREVALENCE OF DISEASE 


No health department, State or local, can effectively prevent or control disease without 
knowledge of when, where, and under what conditions cases are occurring 


UNITED STATES 


CURRENT WEEKLY STATE REPORTS 


These reports are preliminary, and the figures are subject to change when later returns are received by the 
State health officers 


Reports for Weeks Ended February 20, 1932, and February 21, 1931 


Cases of certain communicable diseases-reported by telegraph by State health officers 
for weeks ended February 20, 1932, and February 21, 1931 - 





: , Meningococcus 
Diphtheria Influenza Measles meningitis 











Division and State 





Ne Male States: 


New Hampshire_-_-. 


New iow 
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North Carolina 
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35 
23 
11 
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1 New York City only. ; ; ’ 
2" Week ended Friday. 
? Typhus fever, w eek ended Feb. 20, 1932, 21 cases; 5 cases in Georgia, 1 case in_Florida, 1 ‘case in Ale 
bania, and 14 cases in Texas. 
(568) 
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tain communicable diseases reported by telegraph by State health officers 
—, weeks ended February 20, 1932, and February 21, 1981 -Continued 
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Division and State 
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Division and State 
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Rhode Island 
Connecticut 

Middle Atlantic States: 
New York 
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? Week ended Friday. 
ond ere week ended Feb. 20, 1932, 21 cases; 5 cases in Georgia, 1 case in Florida, 1 case in Alabama, 
cases in Texas. 
* Figures for 1932 are exclusive of Oklahoma City and Tulsa, and for 1931 are exclusive of Tulsa only. 
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Cases of certain communicable diseases reported by telegraph by State health officers 
for weeks ended February 20, 1932, and February 21, 1931—Continued 





Poliomyelitis Scarlet fever Smallpox Typhoid fever 





Division and State | Week | Week | Week | Week 
ended | ended | ended | ended 

, |Feb. 20, |Feb. Feb. 20, re. 21, 
1932 1931 1932 931 








West South Central States: 
Arkansas 


wom 


Re 


= z 
B 
Covmnmoen RewS 


me 


wo 
= 
BESS cresamce BYERS 


esooc ooScerrHSOSO COOKS 
@nwo ccocoeoccscso Coewnwe 
= wS cero 
> 
oro OCKrKOMw amBo 
oct coer nmnwon~ 


BRY eo 
isis 























bo 





2 Week ended Friday. . 
* Typhus fever, week ended Feb. 20, 1032, 21 cases, 5 cases in Georgia, 1 case in Florida, 1 case in 


Alabama, and 14 cases in Texas. 
‘ Figures for 1932 are exclusive of Oklahoma City and Tulsa, and for 1931 are exclusive of ‘Tulsa only. 


SUMMARY OF MONTHLY REPORTS FROM STATES 


The follo summary of cases reported monthly by States y published weekly and covers only those 
States from w' reports are received during the current week 
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January, 1982 . Dysentery—Continued. 
Chicken pox: 


Maryland Im petigo contagiogs: e 
. Diarrhea and enteritis: Moerylend..: 2.2... 25. vets etn Be 
Ohio (under two years) 








/_ eae aS ee eS ae oe 


571 March 4, 1932 


Lethargic encephalitis: Tetanus, infantile: 
Maryland 
Massachusetts 


Porto Rico 
Rabies in animals: 





3 
1 
New Jersey 1 
Porto Rico y 


RECIPROCAL NOTIFICATIONS 


Notifications regarding communicable diseases sent — the month of January, 
1932, by departments of health of States named to other State health departments 





California 





Diphtheria 
Measles 
Poliomyelitis 

















INFLUENZA—JANUARY 17 TO FEBRUARY 20, 1932 


In the table following are presented the case rates per 100,000 
population, annual basis, by geographic groups, of the weekly reports 
of influenza cases for the five weeks ended February 20, 1932, com- 
pared with similar rates for the week ended February 21, 1931. The 
rates are calculated, in groups, on the reported cases and estimated 
populations of the following groups of States: New England—Maine, 
Massachusetts, and Connecticut; Middle Atlantic—New Jersey and 
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New York City; East North Central—Ohio, Indiana, Ilhnois, Michi- 
gan, and Wisconsin; West North Central—Minnesota, Missouri, 
South Dakota, Nebraska, and Kansas; South Atlantic—Delaware, 
Maryland, District of Columbia, West Virginia, North Carolina, 
South Carolina, Georgia, and Florida ; East South Central—Kentucky, 
Tennessee, and Alabama; West South Central—Arkansas, Louisiana, 
Oklahoma (exclusive of Oklahoma City and Tulsa), and Texas; Moun- 
tain—Montana, Idaho, Wyoming, New Mexico, and Arizona; Paci- 
fic—Oregon and California. Complete figures are not available for 
the States which are omitted from the table. 


Influenza case rates per 100,000 population 
Week ended— 














—— 


35 States 


New England States 
Middle Atlantic States 
East North Cen 





























1 Estimated. 


GENERAL CURRENT SUMMARY AND WEEKLY REPORTS FROM 
CITIES 


The 96 cities reporting cases used in the following table are situated in all 
parts of the country and have an estimated aggregate population of more than 
33,377,000. The estimated population of the 89 cities reporting deaths is more 
than 31,818,000. The estimated expectancy is based on the experience of the 
last nine years, excluding epidemics. 


Weeks ended February 13, 1932, and February 14, 1931 





1932 





Cases reported 


Deaths reported 
Influenza and pacemepie: 
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City reports for week ended February 13, 1932 


The “estimated expectancy” given for diphtheria, poliomyelitis, scarlet fever, smallpox, and typhoid 
fever is the result of an attempt to ascertain from previous occurrence the number of cases of the disease 
under consideration that may be expected to occur during a certain week in the absence of epidemics. It 
is based on reports to the Public Health Service during the past nine years. It is in most instances the 
median number of cases reported in the corresponding weeks of the preceding years. When the reports 
include several epidemics, or when for other reasons the median is unsatisfactory, the epidemic periods are 
excluded, and the estimated expectancy is the mean number of cases reported for the week during non- 
epidemic years. 

If the reports have not been received for the full nine years, data are used for as many years as possible, 
but no year earlier than 1923 is included. In obtaining the estimated expectancy, the figures are smoothed 
when necessary to avoid abrupt deviation from the usual trend. For some of the diseases given in the table 
the available data were not sufficient to make it practicable to compute the estimated expectancy. 
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City reports for week ended February 13, 1932—Continued 





Diphtheria Influenza 





Divison, State, and See 
estimated) Cases | Cases Deaths 
expect- | reported | reported reported 
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City reports for week ended February 13, 1932—Continued 





Division, State, and 
city 


Chicken 
pox, cases 
reported 


Diphtheria 


Influenza 





Cases, 
estimated; Cases 
expect- | reported 
ancy 


Measles, 
cases 
reported 


Cases 
reported 


Deaths 
| reported 


Mumps, 
cases 
reported 





WEST SOUTH CEN- 
TRAL 
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City reports for week ended February 13, 1932—Continued 





Smallpox Typhoid fever 








Division, State, ases, sis, |Cases, 
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City reports for week ended February 13, 1932—Continued 





Scarlet fever Typhoid fever 
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City reports for week ended February 13, 1932—Continued 








Scarlet fever Typhoid fever 








Division, State, , sis, 
and city Cases Cases Cases |Deaths 
re- re- 


re- re- 
ported Ported ted ported} ported 
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City reports for week ended February 18, 1982—Continued 





ing | 
= Lethargic en- | Poliomyelitis (infan- 
meningitis cephalitis | tile paralysis) 








Division, State, and city | Conse | 
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Deaths | mated | Cases | Deaths 
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! Typhus fever: 7 eases; 1 case in New York, N. Y., 5 cases in Savannah, Ga., and 1 case in Houston, 
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The following table gives the rates per 100,000 population for 98 cities for the 
5-week period ended February 13, 1932, compared with those for a like period 
ended February 14, 1931. The population figures used in computing the rates 
are estimated mid-year populations for 1931 and 1932, respectively, derived from 
the 1930 census. The 98 cities reporting cases have an estimated aggregate 
population of more than 34,000,000. The 91 cities reporting deaths have more 
than 32,400,000 estimated population. 

Summary of weekly reports from cities, January 10 to February 13, 1932—Annual 
rates per 100,000 population, compared with rates for the corresponding period 


of 1981! 
DIPHTHERIA CASE RATES 





Week ended— 
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See footnotes at end of table. 
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Summary of weekly reports from cities, January 10 to February 13, 1932—Annual 
rates per 100,000 population, compared with rates for the corresponding period 


of 1931 '—Continued 
TYPHOID FEVER CASE RATES 
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INFLUENZA DEATH RATES 
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PNEUMONIA DEATH RATES 


aRSEERao So 
o8S8 

= 
SSS2S55 
- 
« 











seurkeses 
Sites 











BSLSBE 








iii Fy etd +125 | 219 | 10 | 3229 sno | 231 | 1a | 





New England 
Middle Atlantic 









































1 The figures given in this table are rates per 100,000 ion, annual basis, and not the number ol 
eases reported. Populations used are estimated as of July 1, 1982, and 1931, respectively. 

? Fort Wayne, Ind., not included. 

' Columbia, 8. C., not included. 

‘ Trenton, N. J., and Covington, Ky., not included. 

' Barre, Vt., and San Francisco, Calif., not included. 

* Barre, Vt., not included. 

’ Trenton, N. J., not included. 

* Covington, Ky., not included. 

*San Francisco, Calif., not included. 





FOREIGN AND INSULAR 


AUSTRALIA 


Poliomyelitis —According to a report dated January 21, 1932, 
there was a considerable increase in the number of cases of polio- 
myelitis reported in the States of New South Wales, and Queensland, 
Australia, during the last two months of 1931. Measures were being 
taken to limit the spread of the disease and to insure adequate 
treatment of the cases which occur. 

The following table shows the number of cases of poliomyelitis 
which occurred in certain States of Australia and in Tasmania 
during 1931 and from January 1 to 18, 1932. 





? . South 
Victoria land | Australia 





Nw 


SS conw 




















CANADA 


Frovinces—Communicable diseases— Week ended February 6, 1932.— 
The Department of Pensions and National Health of Canada reports 
cases of certain communicable diseases for the week ended February 6, 


1932,.as follows: 





Province InQuenzs as ~ “peal 


























4 No case of any disease included in the table was reported during the week. 
(582) 
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Quebec Province—Communicable diseases—Week ended February 
6, 1932.—The Bureau of Health of the Province of Quebec, Canada, 
reports cases of certain communicable diseases for the week ended 
February 6, 1932, as follows: 





Cases 





Chicken pox | Poliomyelitis 
Diphtheria || Puerperal septicemia_ 
Erysipelas 


|| Searlet fever. 


German measles. - . .- oe Tube 
Measles. - -- esdese (ll Re eee 


Ophthalmia neonstorum Whooping cough 











ITALY 


Communicable diseases—Four weeks ended July 26, 1931.—During 
the four weeks ended July 26, 1931, certain communicable diseases 
were reported in Italy as follows: 





June 29-July 5 July 13-19 | July 20-26 





Disease Com- 


munes 
affected 





Anthrax 

Cerebrospinal meningitis__..........-. 
Chicken pox 

Diphtheria and croup 

Co, RES ee 

Lethargic encephalitis. 

RR Set 

Poliomyelitis 

Scarlet fever 


BBLckR 


a 
— 
_ 


SExF obese 
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MEXICO 


Tampico—Communicable diseases—January, 1932.—During the 
month of January, 1932, certain communicable diseases were reported 
in Tampico, Mexico, as follows: 





Deaths 





Measles ___. 
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